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The objaot of this •jqparloantal thesis is: 



!• The development of the neoessarjr appara- 



tus for the detendjiation of the relooity^ at suooessiTe 
equal intenralSi of a sing^Le truok eleotrio railivay oar 
while drifting down a known grade* 

2* A detendination of the resistanoe of sin^ 
gle traok eleotrio railway oars under ordinary oonditions« 
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2. 



inalytit of Oar Rttittanoe 



The Telocity of a oar being known at tuooetsiTe station 



points along a tmok ivhota grade is alto knomi the foroee aoting 
upon the oar nay be oalotilated by equaling foroe throu^^ epaoe to 
differenoe in Telocity head into tuiit weij^t* Ubim let f equal 
the euBuation of all forces acting on a car« Then f woxxLd consist 
of the algebraic suimation of grade resistance 0^ the curre resis* 
tance 0| and the resistance of straight IstoI track t. In the tern 
a Bdnas sign indicates an ascending grade and a plus sign a de« 
scending grade« ISie terms f and are essentially negatiTe* 



Sunaation of forces tines the distance equals the unit 
weight tines the difference in Telocity heads* let d equal length 
of space interrali here taken at twenty feet^ and let the unit weigfht 
be one ton or 2^000 lbs*, so that the ssTeral unit forces aboTS be- 
coBie pounds per ton« 

Then Vd equals the work done through space by the force F 
acting through the space or distance d along the track. 

In the case of a IstoI track; « and _ 0^ and sub« 
stituting in equation (a) we haTe 

» « - f 



? • 



0-0 



f 



(a) 



Fd « - f d = 2000 (h^- h, ) 



(b) 




Digitized by 



Googl 



9. 

The values of hi and h| , the veloolty heads for the 
initial and final relooitiesi and Tf , are obtained from the 



In the ease of a grade and ttraiflfht tmok^ it in 
equation (a) 

but »d S d (+ a • f ) « 2000 (h^ - h, ) 

Let d « 20 feet and dividing through by 20^ 
+ a-.f«100(ha-h, ) 

Transposing, f s 1 - 100 (h^ • h, ) (d) 

in vhioh f is the oar resistanoe in pounds per ton on straight 
level tracks a is the grade resistanoe in poxmds per ton and 
(he - h| ) is the difference in velocity heads at the two ends of 
the 20 foot space interval considered* 

As the velocity of the car must be known at successive 
points before the velocity heights can be conputedithe accurate 
detemdnation of these velocities is essential to the solution of 
the problenu 

The following described method and apparatus have been de- 
vised for the purpose of determining the velocity of a car at equal 

space intervals, while the only forces acting upon the car are f 
and a* 



fonmala » Vgh or h - /yg 

Substituting twenty feet for d in (b) 



» s - f « 100 (be - hi ) 



(a) 
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4« 

In the aotual field tests of this thesis the obsemt- 
tloxis were taken on a stretch of heavy donn grade traok growing 
large posltlre ( ^ ) values for the gravity foroe 0^ the ear be- 
ing allowed to drift from a state of rest down the hill over the 
successive equal space Intervals adopted for the purpose of de-* 
tersdnlng velocities with exactness* 

Location of Tests* 

Ihe tests described In this thesis were conducted on 
the flngra Park - Valr Oaks line of the Southern Usconsln RsU- 
way Ooopany^ In the city of lladlson* The point of obsermtlon was 
on Regent Street near Kly Street# Levels were taken on the top 
of rail and the stations were narked by making an Indentation on 
the rail with a cold chisel* Ihe ties are exposed and rest In 
crushed stone ballast which was In a poor condition when the tests 
were made* Ihe rail Is a 60 pound A* S* 0* I* section and Is 
badly worn* (See Plate 4) * Ihe tests here recorded were made In 
January 1912 when the roadbed was frosen solid* The attached ko- 
dak pictures were taken on the day the tests were made* (Plates 
4 and 5)* The cars were allowed to descend without brakes or 
power; that Is^ the force of gravity i acting alone » was the ac« 
celeratlng force* * 
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Method* 



lha oars wore brought to a otandstlll at dlotanooo 



▼arjrlng from ton doim to ono foot from station soro at the top 
of the grade. Than the motoxinan allowed his oar to drift by 
releasing the brakes and not using the motors* Ihe oar imM al- 
lowed to drift freely orer a distance of 180 feet» Tventy-foot 
stations were established and were marked on the rail so that 
they would be of a pemanent taature* Opposite each twenty- 
foot point a track trigger (See Plates 4^ 5 and 6) was so placed 
that the flange of the wheel would come in contact with it and 
thus close an electric circuit irtiich coanunicated with a tuning 
fork chronogri4)h (Plates 1 and 2} • Ihe average speed for the 
successire twenty- foot intervals was thus accurately obtained* 
Ihese averages being known^ the speed distance curve was plotted 
and the speed at any point detemdned from it* In tests one to 
fifteen^ inclusive^ the distance from station sero to the wheel 
was about ten feetj thus giving the car an initial velocity* In 
tests sixteen to twenty-four^ inclusive^ the distance from a 
rest or standstill varied from five to two feet* 



of a tuning fork^ 7, mounted on a rigid support^ and operated 

by an electromagnet (A)* The source of S* M* f. mts two Ho* 6 
dry cells (Plates 1 and 2)* The instniment was designed in 



Apparatus* 



The tuning fork chronograph (Plates 1 and 2) consists 
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1906 • G7 by !• L* H» Lorons^ formtrly ohief Mohanlelmn of the 
Oolltge of InglMarlng^ under the direotlon of Professor H. D« 
Pence of the Department of Railroad Knglneering* In the sane 
box with the tuning fork is mounted a set of olookivorks (Plates 
1 and 2) 'shioh furnish the mot its pover to unirind a roll of me- 
tallic recording paper^ 7, xipon ivhich autographic records (Plate 
8) of the tuning fork Tibrations and the trigger constants are 
registered* The aecoopanying photographs and key gLre a good 
description of the chronographs Ihe paper is unipound at the 
rate of about 15 feet per minute lAiich gives a good record of the 
▼ibrations so that if necessary the time could be obtained to the 
nearest one-*quarter of a Tibration or one t«o-hundredths of a se- 
cond • 



piece of brass tubing^ a^ about eight inches long mounted on tuo 
supports, b« A piston, h, made out of a smaller piece of tubing 
anl about four inches long is allowed to slide in the outer piece* 
The sliding motion is produced by a spiral spring, c, under com- 
pression* One support has a lever, d, mounted on it, vhich is 
engaged by the flange of the wheel* This lever has ^ notch cut 
in it on the inside end irtiich hooks onto a catch, f , Utet^ to 
the piston, h* To allov the catch to project through the outer 
casir« a rectangular slit has been cut in it* At the beginning 



The track trigger (Plates 4, 5, and 6) consists of a 
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of Moh tent, the piston hm draim forward ooaoprosslng the springi 
0^ and the l^rw, d^ hooked on to the oatoh^ f • Then as the 
flange hit the leter^ d^ the piston would be foroed back about 
three and one-half Inehes by the oonpressed springi o* Ihlle the 
piston is sliding baok it forces up a steel oonLoal shaped button 
bringing together the strips of oopper^ g» (Plate 6} wtaieh close 
the track circuit leading to the chronograph* 



stantaneous because it was found in former trials (Bee thesis of 
Pflans and Schwada^ 1911) with instantaneous contacts that the at-, 
tractive force of the elect roaagpieti (Plate 2) did not build up 
fast enough to secure a record* In the device as shown on Plates 
4| 5, and 6 the length oc contact mries from one-tenth to one 
twenty-fifth of a second. It is readily seen from the sample re- 
cords (Plate 8) that it takes at least one one-hundredth of a se- 
cond for the magnet to *build up^ or more properly* This was the 
period of motion of the armature in response to the magnetic pull« 
In a warm room CfO f.) the triggers worked rery fast^ but at a 
temperature of 25^ T the piston moved very sluggishly and at a 
temperature of « 4^ ?^ several refused to slide all the way back, 
thus keeping the track circuit closed and rendering the test worth- 
less* 

The triggers vere nailed to 2 by 4 inch supports (Plate 
4) which were in tuni spiked to the ties. Sds arrangement brought 



The duration of contact in the track circuit was not in- 
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B. 

the top of the lover^ about one-height inoh above the top of 
the rail* Ihe outer end of the lever nas placed three-^ghte of 
an Inch from the rall^ thus protecting the lever in its lowest 
position from a blov from the flange of the succeeding irtieelB« 

The source of electricity for the track circuit con-> 
sisted of five Vo» 8 dry cells. Two Vo. 6 cells were sufficient 
for the operation of the timing fork» Ho* 14 rubber insulated 
copper wire was used and the current was sent into the distribu- 
tion system at the center. A reserve battery of five No* 8 and 
two Vo» 6 cells were kept on hand* 

The accompanying sketches ^ photographs and keys give 
a clear idea of the apparatus and its arrangement* 



Physics Laboratory* A pendulum beating records was connected 
to a telegraph relagj which in turn was connected to the mag- 
net in the track or trigger circuit. One run of ten seconds 
was made* 



Oali brat ion* 



The tuning fork chronograph was calibrated in the 
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9. 



Rstttlts of Oallbmtlon UsstB* 



100*0 half Tibratlons per seoond 

100,0 • • • t 

lOB.O • • • • 

lOl.O • « • • 

ICI.5 • • • • 

101.5 • • • • 

101,0 • • • • 

102,5 • • • • 

99.0 • • • • 

Ibtal 908.5 • • • t 



100,95 • Ay»rag» half Tlbnttlona per seoond. 
50,475 ■ ATerage i^ole vibrations per seeond. 
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10, 



Saufple Oonputatloxis^ 



The first step is to oount the xnuobar of fork TlbrBF* 
tlons on the ribbon reoord botvean tiro 20 - foot station point s« 
The Toloolty In foot per saoond Is than obtained In the folloi^- 
Ing nannan 



Avamsa nunbar of rLbnttlons par saoond • 50«4T5 
Lat Z - numbar of tlbratlons par 20 faat* 

Z r numbar of tlbretlons par ona foot 
20 

50»47 5 X 20 = 1009 » 50 • spaad In faat par saoond 
f ~T~ 

This valoolty is than squared and the dif feranoe of 



the squares taken» men (h^ - h, } is obtained by dividing 
(▼2 - V, ) by 2g or 6A.3Z. 

Then from fonaula (d) page 3 



f = - 100 (hz • h, ) 

Consider Tbst Vo. 12» Oar Ho« 91 

Komber of vibrations between and 0^20 « S9.5 

Sttmber of Tibr&tlons between Of 20 and 0^40 ^16.15 

1009^50 = 11^280 feet per seoond* 
89*50 

1009*50 « 13*153 feet per second* 
7 6*75 

Slfferenoe of the squares = 45*79* 45*79 ♦ 64*32 = 0*712 
f - 84*70 - 71*20 s 13*50 pounds per ton* 
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Weather Oonditlont on January 23 1 1912 



TIm Teaoperature Telocity of Premiling 

Degrees f the idnd direction 

of the wind 
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4:00 P. 


K. 


25 
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5:00 P. 


V. 


23 


6 
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Sun * 8hining# 

Iheee records were fumlehed by Mr* lUlleri 
Ibrecaeter of the United States Weather Bureau^ at Ibdisoni 
Wisconsin* 
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12. 



Datexniiiatlon of Orade Kff«et 



Station Mffereno* la B&t* of Grade Q In lbs. 

navatlon ^ par ton 




>20 
♦ 40 
f 60 
*60 

14-00 
1-20 
+ 40 
•I- 60 
+ 80 

2^00 
|.20 
4.40 



0,847 4,285 84,70 

0.882 4.410 88,20 

0,962 4,810 96,20 

0,894 4,47 8 9,40 

0,920 4,60 92.x 

0,961 4,805 96.10 

0.960 4,800 96,00 

0.990 4,950 99,50 

0.995 4,975 96,90 

0.965 4.845 93.60 

0.936 4.680 94,70 

0.947 4.735 



then tha grade la deaeending "G* la plua, vhan 
aaeendlng la alnua. 
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K07 to Sketohea and Photographs* 



A llactrraagrxat opamting tuning fork* 

A Banding poata in eireuit A« 

B KLactromagnat in track circuit operating am W« 

B Banding poata in circuit B* 

Datachabla drun iqpon ivhich papar winds* 

5 Ansaturs for oagnat B* 

K Rigid support holding tuning f ork» 

r Brass core for apaad racording papar* 

6 nactronaffxat usad in atarting clockwork* 
H Anatura of 

1 larar uaad in atarting clockwork by hand« 

J her^r lifting riding plata for papar up to pancil pointa^ 

K Switch for circuita A and 0* 

L iluBiinun plata tqpon which braaa pancil pointa baar* 

H Scraw awitch in tuning fork circuit* 

P Pivot rsvaraing of motion of D« 

P Brass pancil pointa on am W in circuit B* 

P Braaa pancil point on tuning fork 

R Bollara facilitating movamant of papar under pancil pointa* 

8 Spring controlling praaaurs of P on papar* 

8 ^ring controlling aagnituda of deviation of p* 

8 %)ring controlling spaed of P* 
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T Ihln 0trlp of spring ttMl oonnaetlng anaature 9 irith 
W holding P . 

D Oountarvelght tpring contact « 

D Oountorwelght pencil 

Y Uetallic surfaced recording paper. 

Y Am holding brase pencil point In dreult B« 
Z Handle for ulndlng clockworks 

T Ibnlng fork* 

a Bru0 tubing* 

b Bronse supporte* 

c Spiral eprlng* 

d Leyer« 

f Oatch soldered to piston h. 

g Oopper strips 

g Binding posts In track drctdt* 

h Brass piston* 

k Oonlcal shape needle* 

a Wood fibre for Insulation purposes* 

n 2x4 supports nailed to ties* 
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1S« 



T«st Vo» 24 Oar Io« 50 

flae > 4:15 p« b* 

Btatlon Tel. ft/ mo ▼f - h, - hg f In f/ton 


6*25 89.06 

+ 20 65.24 1.0143 16.78 

10.20 104.80 

>40 27.60 0.4291 45.29 

U.485 181.90 

+ 60 44.50 0.6919 27.01 

18.283 176.40 

>80 40.56 0.6806 86.84 

14.78 216.96 

1+00 48.47 0.7527 16.73 

16.283 265.88 

+ 20 48.27 0.7506 21.04 

17.71 313.65 

+ 40 43,05 0.6694 29.06 

18.666 356.70 

+ 60 46.90 0.7293 26.07 



20.09 403.60 



1+80 
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16. 



Test No. 23 Oar Vo« 58 

TlM - 4:30 p. A* 

Station Tol, ft/aao t* ri - rf - h, £ 1» #/ton 


5,83 83,99 

4.80 43.68 0,6783 16.67 

8,81 77, a 

+40 87,95 0,590 89,80 

10,75 115,56 

^.60 16,34 0,8541 70.79 

11,485 131.90 

^ 89,40 

11,485 131.90 

1 ^ 7; 58 0,U78 80,88 

11*81 139,48 

+80 14,98 0.888 78,9 

12.885 154.40 

+40 9.70 0,1506 80,98 

18,81 164.10 

^0 88,00 0,348 64,6 

13,642 186.10 

1 +80 

Votes- Brakes vere set. 
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17. 



Test le. 28 Oar le. 46 
Tlae - 4t00 paa* 

Btatiea Vel, ft/ see - - f in #/toa 



5*65 31.93 

•f80 47*895 0.7447 10.89 

8.984 79.815 

440 417.415 0.7978 14.48 

11.88 127 . 89 

460 46.90 0.7899 19.87 

19.196 174.19 

^0 . 48.89 0.6660 88.80 

14«79 816.96 

1+00 48.48 0*7589 16*71 

16.889 865,98 

-I- 80 48.91 0.6678 79.98 

17 . 556 908.29 

440 44.49 0.6916 26.82 

18.76 352,70 

460 59*00 0.9174 7.26 



20.29 4U.70 



1 4 80 
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18. 

Test lo. 81 Oar lo. 45 
Time - 3:40 p. n. 
Station T6l, £V»eo t' - ▼* - h, £ ia #/toa 



5.28 27.25 

+20 35.53 0.5525 79.45 

7*88 62,88 

•|'40 35.53 0.5585 32.95 

9*82 98.41 

+60 36.14 0.5620 40.00 

11.60 134.55 
+80 29.55 0.4595 43.45 

12.81 164.10 
1+00 85,27 0.5486 37.14 

14.18 199.37 
+20 41.03 0.638 32.80 

15.505 240.40 
+ 40 33.40 0.5194 44.06 

16.55 273.80 

+ 60 

31.3 - Blsoarded. 

+ 80 
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19. 



Test Wo. 20 Oer Kb. 54 
TlM - 8:30 p. m* 

SUtlon Tel. ft/wc t* - ▼/ - h, £ in f/ton 


5.768 33.27 

^20 ^^•^ ^•f^^ ^•^'^ 

9«095 82,73 

.>40 45.89 0.7135 16.85 

11.342 128.62 

+60 45.51 0,7076 25.44 

13.196 174.13 

+80 41.47 0.6448 24.92 

14.682 215.60 

1 +00 47,35 0.7362 18.38 

16.217 262.95 

+20 45.34 0.705 25.6 

17.558 308.29 

+10 41.21 0.6408 31,92 

18.694 349.50 

^ 50.10 0.7790 21.10 



19.99 399.60 



H-80 
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80. 



Test Vo. 19 Oar Vo. 43 
Tlaa - 3:15 p. au 

Station Vel. ft/ see t§ - rf - h, £ in #/ton 


4.171 17.39 

«h20 44.33 0.6893 15.77 

7.856 61.72 

+40 43.87 0.6881 19.99 

10.375 105.59 

•f-60 41.46 0.6446 31.74 

12.126 1417.05 

4B0 39.05 0.6071 28.69 

13.642 186.10 

1-fOO 42.65 0.6631 25.69 

15.123 228.75 

+20 43.77 0.6806 26.04 

16.508 272.52 

+40 35.77 0.5562 40.38 

17 . 558 306.29 

+60 44.41 0.6905 29,95 

18.78 392.71 



I +80 
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21. 



Test Ko« 18 Oar Vo. 50 
Tine 2;50 p* lu 

StatloB Tel* ft/«eo r' - rf - h, £ in 3/ ton 



5.028 25.23 

4S0 48,97 0*7751 7,19 

8.591 73.80 

440 49.39 0.7663 U,57 

U.098 123.09 

+60 40.56 0.724 23.80 

13.025 169.65 

+80 47.31 0.7355 15.95 



14.73 216.96 

1 -1-00 44.02 0.6842 23,58 

16.153 260.98 

+30 52.07 0.819 14.20 

17.71 313.65 

+40 35.85 0.5574 40.26 

18.694 349.50 

+60 75.00 0.1660 17.60 



20.602 424.50 



1+80 
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22, 



Test Ho. 27 Oar I6. 52 
TlM - 2:40 p. m« 
Station Tel. ft/ mo t' - t,* hg - h, £ in #/ton 



4-20 7.1QB 50.525 



+40 



82.395 1.281 44.80 



U.153 132.92 

+60 15,03 0,2337 72.83 

12.163 147.95 

+80 5.45 0.0845 80.95 

^ ■ 12,385 153.40 

1 +00 5.80 0.0901 82.98 

12.613 159.20 

+20 14.93 0,2321 72.89 

13,196 174.13 

+40 4.63 0.0720 88,80 

13,87 178.75 

+60 20,68 0,3208 66i92 



14.12 199.38 



1 +80 
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28. 

Test Ho, 16 Oar No* 46 

Tlae - 2:25 p. n« 

Station Tel. ft/sao t* - t/ - h, £ in #/ton 


5«0a. 25.10 

-f'20 46.26 0.7193 12*77 

8*447 71.36 

>40 49*44 0.7688 11.32 

10*912 120*80 

+60 43*30 0.6733 28*87 

12*81 164.10 

-fSO 47.70 0.7416 15.24 

14.525 211.80 

l-f-OO 49*18 0.7647 16.53 

16.153 260.98 

+20 47.31 0.7356 22*54 

17*558 308.29 

+40 41.21 0*6407 31.93 

38,694 349*50 

+60 50.10 0.7789 21.11 



19*99 399*60 
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24. 



Test lo. 15 Oar lo. 45 
Tine - St05 p. m* 

Station Tel. ft/««e - rf - h, f in 3/ ton 


5«687 32.343 

■f.30 34.«r2 0«5361 30.99 

8«174 66.815 

+40 88.245 0.5946 28.74 

10.249 105.06 

■f60 38.74 0.5091 45.29 

11.738 137.80 

•f80 45.80 0.7181 18.19 

13,55 183.60 

1 -iOO 25.05 0.3895 53.05 

14.421 208.65 

^ 31.75 0.4937 46.73 

15.505 240.40 

^ 38.00 0.5908 36.92 

16.687 278.40 

460 40.90 0.6359 35.41 



17.868 319.30 



1 480 
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85. 



Test lo. U Oar lo. 54 
T1b» - 1:50 p. au 

Station Vel. ft/i«o t* t* - < - h. f in #/toii 


8.816 77.78 

+20 45.97 0.7054 14.16 

U.093 123.09 

46.56 0.724 15.80 

13.085 169.65 

-^•60 48.15 0.6554 30.66 

14,585 811.80 

+80 45.00 0.6996 19.44 

16.084 856.80 

1+00 46.18 0.7181 80.19 

17.407 308.96 

+20 53.78 0.8358 18.58 

18.868 356.70 

+*0 85.15 0.5466 48.34 

19.7 95 391.85 

+S0 21.43 0.3334 65.66 



81.03 412.28 
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26 

Test Io« 13 
tLoa - li 

Station ▼«!. ft/seo i 


8.174 66*815 
10,35 100.63 

440 

13.468 155.40 

+ 60 

13.92 194.00 

+80 

15.75 248*50 

1 400 

16«68r 278.40 

+ 30 

Ko r#oord. 

440 

« • 

+60 

« • 

■f80 



Oar lo. 43 
40 p. a. 

rf - rf hi - h, f in #/ton 



33.805 0.526 32.10 

54.78 0.8505 3.15 

88.60 0.6000 36.80 

54.50 0.8475 4.65 

29.90 0.426 45.50 
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27, 



T«Bt Ho. I Oar Ho. 46 

Tlma - 9:37 a. m. 

Station Vol. ft/»eo t« - rf - h, f in #/ton 


6.309 39.81 

+ 20 42.17 0.6557 19.13 

8.484 71.98 

+40 60.95 0.9477 6.57 

11.58 132.93 

+60 45.82 0.7124 84.96 

11.37 178.7 5 

+80 97.61 0.5847 30.93 

14.73 216.96 

1+00 52.97 0.8235 9.65 

16.41 269.93 

+20 43.72 0.6797 28.13 

17.71 313.65 

+40 20.15 0.3133 64.67 

18.27 333.80 

+ 60 69.80 1.08 5 9.5 



+80 



20.09 403.60 
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S8. 



Teat So* S Car Ho. 
Tlae - 9:47 a. u* 

Station Tel. ft/«60 t* t* - rf - h, f in #/ton 


7,344 53.95 

+ 20 42.17 0.6597 19.18 

9.802 92.16 

+40 45.88 0.7133 16.87 

11.874 141.00 

-feO 37.75 0.5669 97.51 

13.37 178.75 

+80 17.80 0.2767 61.73 

14.02 196.55 

1+00 23.96 0.3225 54.75 

14.85 220.51 

+20 20.69 0.3217 63.95 

15.53 241.18 

+40 24.20 0.3762 58.38 

16.283 265.38 

+60 22.52 0.35C1 63.99 

16.968 287.90 

+80 
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29. 

Test Ko* 3 Oar Ho* 47 

Tin* - 9:54 a. a. 

Station Vol. ft/»ee ri - rf - h, f in #/ton 


7,256 52.65 

>20 42.53 0.6612 18.58 

9.756 95.18 

^40 42.62 0.6626 21,94 

11.738 137.80 

4-60 48.30 0,7509 21.11 

13,642 186,10 

F80 38,70 0,6016 29,24 

14,925 224,80 

1+00 91,58 0,8079 11,21 

16,618 276,38 

+20 42,92 0,6673 29,37 

17,868 319.30 

+40 43,45 0,6756 28,44 

19.049 362.75 

+60 36.85 0.5730 31,70 

19,99 399.60 
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80. 

Test Vo* 4 Oar So* 46 

Tina - 11:18 a*ffl. 

Station Tsl, ft/sso - - h, f in #/ton 


7*886 62.19 

•f-80 88,14 0*3978 24*96 

10.08 100*60 

+40 54*80 0«888 8.00 

12.463 155*40 

+60 43*98 0*6838 27*82 

14.12 199.38 

+80 41.80 0*6499 24.41 

15.53 241.18 

I4OO 46.72 0*7264 19*36 

16.968 287.90 

■K20 40.39 0.6280 33.30 

18.182 328.29 

+.40 48.56 0*7550 20.90 

19,418 876.85 

+60 57,89 0.8994 9.06 



20.815 434*70 
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31. 

Teat So* 5 Oar lo. 52 

TIm - 11:25 a. m. 

Station Vol, ft/ mo t* - rf - h, f ia #/ton 


7,885 62.19 

•f20 89,71 0,6174 28,96 

10,095 101,90 

440 46.05 0,716 16,60 

12,163 147.95 

460 44,78 0.7118 25.02 

13.828 192,73 

480 41,17 0,6401 25,39 

15.295 233,90 

1400 39.90 0,6203 29,97 

16.55 273.80 

420 45.50 0.7074 25.36 

17.868 319.30 

440 37,40 0,5816 37,85 

18.868 356,70 

460 59,30 0,9220 6,80 



20,395 416.00 
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38. 



Ta«t Ho. 6 Oar lo. 47 
Tiae - UsSS a«a« 

Station Tol, ft/oo rf - hg - h, f in #/toa 


8.174 66.815 

+tO 41.485 0.6451 20.19 

10.406 108.30 

440 43.30 0.6738 30.88 

12.312 151.60 

460 43.65 0.6787 28.33 

18;S73 195.25 

480 39,85 0.6196 27.44 

15.352 235.10 

l>fOO 43.30 0.6732 24.68 

16.687 278.40 

420 43.78 0.6808 28.02 

17 . 948 322«18 

440 40.57 0.6308 32.92 

19.045 368.75 

n60 61.85 0.9615 2.85 



80.602 424.50 
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33. 



T»tt Vo« 7 Oar 16, 43 
Tim - 11:54 a. m. 

Station T»l. ft/tw t| - rf - h, f In #/ton 


7.302 53.345 

+ 80 36.925 0.gr42 37.28 
9.501 90.27 

+40 41.68 0.6473 23.47 
U.485 131.90 

+«0 32.20 0,5007 46.18 
12.81 164.10 

-WO 40.98 0.6372 25.68 
14.32 205.08 

35.32 0.5492 37.08 

15.505 240.40 

37.40 0.5816 87.94 

16.668 277.80 

•<40 41.50 0.6453 81.47 
17.868 319.30 

•*60 50.48 0.7840 20.60 



19.229 369.78 
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34. 



TMt lo. 8 Oar Vo. 54 

Tiao - 12;07 p.m. 

Station Tel. ft/f«e r* ▼! - hz - h, f In #/ton 


9.34? 67.36 

4 80 39,87 0.6199 22.71 

U.280 127.23 

440 46.90 0.7293 15.27 

13.196 174.13 

460 42.63 0.6659 29.61 

14«73 216.96 

480 48.42 0,7528 14.12 

16,283 265.38 

l'f-00 42,91 0.6672 25.88 

17.556 306.29 

420 20.00 0.3109 65.01 

18.182 326.29 

440 55.91 0.8692 9.08 



+ 60 



1+60 



19.602 384.20 
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35. 



Test lo, 9 Ot lo. 46 

TlM - 12:22 p. a* 

Station Tel. ft/wo r* - rf hg - h, f in #/ton 


5.768 81.27 

420 33.545 0.5216 38.54 

8.174 66.815 

440 36.U5 0.5616 32.04 

10.145 108.93 

460 84.87 0.5428 41.98 

U,738 197.80 

-fBO 23.47 0.3649 52.91 

12.698 161.27 

1^ 40.93 0.6364 28.36 

14.88 202.20 

•fSO 40.81 0.6345 32.65 

15.59 243.01 

•140 35.99 0.5503 40.97 

16.687 278.40 

•«0 35.25 0,5481 44.19 

17.71 313.65 

1 -fQO 
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36. 



UmI Io« 10 Oar Ho. 52 
TiiM - It05 p. B« 

Station Tel. ft/«M r* r* ^ rf - h, f ia #/ton 


6.707 44. W 

^20 28«S8 0.6998 14.78 

8.555 78.19 

440 66.75 0.10S7 67.88 

8.984 79.815 

46O 0.695 0.01041 95.159 

8.973 80.51 

•180 89.40 

8.S73 80.51 

14 00 10.20 0.1586 76.14 

9.524 90.71 

420 21.19 0.3295 65.15 

10.626 U2.90 

-140 15.78 0.2444 71.56 

U.342 128.62 

-160 84.69 0.5394 45.06 

18.779 163.31 

14 80 
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37. 



Teit lo* U Oar Vo« 50 
Tlae - ItSO p. a. 

Station Tal. ft/t«o >• h,. - h, f in #/ton 



T.677 58.94 

420 46.12 O.TITI 12.99 

10.249 105.06 

440 48*94 0.7516 13.04 

12.385 153.40 

4 60 45.98 0.7 U9 24.71 

14.12 199.38 

480 41.80 0.650 24.40 

15.53 241.18 

14 X 46.72 0.7265 19.95 

16.968 287.90 

420 40.39 0.628 33.30 

18.182 328.29 

4 40 52.31 0.8135 14.65 

19.509 380.60 

460 9r.l0 0.8878 10.22 



20.925 437 .70 
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38. 



T«tt Io« 12 Oar Ho* 51 
fLoA 1:89 p. a* 

Btatioa Tel. ft/««o rl - rf he - h. t in f/toa 



U.880 127,88 

■I.80 45.79 0.718 13,50 

13.153 173.08 

440 50.66 0.7676 9.44 

14.955 883.68 

^ 87.80 0.580 38.80 

16.158 860.98 

•160 58.67 0.8169 7. 51 

17.71 313.65 

1 ^ 58.70 0.8194 10.06 

19.14 866.35 

^20 49.65 0.778 18.9 

80.395 416.00 

+40 40.40 0.6881 33.19 

81.363 456.40 

460 63.85 0.9927 .27 

88.815 580.85 

1 -^60 

Iot«:- The axlea of this ear rest on roller bearings. 
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Digitized by 



Digitized by 



Googl 



40. 




Digitized by 



Digitized by 



Google 



41. 




Digitized by 



Google 



42. 




Digitized by 



Digitized by 



Google 



Digitized by 



v^oog 



I 

I 



Digitized by 



45. 




Digitized by 



Digitized by 



Googl 




Digitized by 




Digitized by 



Digitized by 



Google 



47. 



O0IOLD8XO18 

(kr r*sist«ao« in gemntl 1« aad* np of seTvntl part* 
or eoq>eiM&ts nhoa* «n«t «Bount I0 dif flenlt to dotennlii*. lha 
eoBdltioB* vhieh aff«et th0s«<ikia» tlcMnts ineludo tMv«nttttr», 
kind of Ittbrioation, ooadition of the tnok, tho speod and voi^t 
of ear, and the state of the veather as to idnd, ete* fmqperatare 
and the Ittbrieante nork in eloee aeeori* Vie eondition of the 
txmek and the speed and ir»ic^t of the oar enter into the conditions 
vhieh af feet Hm total resistanoe to a Texy great extent. In the 
ease of a rough roadbed the resistanoe at any one point is fonnd 
to Tary eonsiderahlr* fbr a given speed the resistanee ir/ y 
per ton haa been found by ei^eriaenta to be greater the lever the 
mif^ of the ear* ftese marks apply to train reaiatanee tests 
in general. 



vaa net able to aotually verify all the above statenents, partly 
beeanse of adverse ireather eonditions, Bovever, the aoeoapanying 
diagm (Sheet Vo* 1) ahoving the relationship between the total 
resistanee and the apeed of the ear indicates that for an inorease 
in speed the resistance also inoreases. 

On carve sheet Vo. 8 is plotted the relationship of the 
resistanee to car weight at the three different speeds of 5, 10 



In the tests iriiich are included in this thesis the writer 
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4A. 



and IS Biles par hour M obtaiaad from tho tailletin ontitlod 
^froifi^t Tndn Itosistanoo* by Professor l# 0. Sohnidt of tho Onl- 
Torsity of nUiiois* lha dottod linos indioato that tho original 
ourros haro boon oxtondod in about tho sano gonoral dirootion# 
Tho voig^t of XlM oars usod in thoso tosts is approxiaatolr soron 
and ono-half tons» On tho latter ourro. shoot tho writer has plot- 
tod tho nauos that ho obtained lith tho soTon and one-half ton 
ear and at tho speeds of 10 and 18«6 silos per hour* 

Ao radioal dif feronoe in type of rolling stook of 
oourso proTonts oloso coaparisons^ but it is noted that tho nduos 
plotted from tho prssont exporinonts lie in tho gonersl dirsetion 
to bo expooted« In attoapting to arriTo at sono reason for tho 
exeoptionally high talues found in tho present tests i tho vritor^ 
haTing in adnd tho low teaporaturo prevailing when the prssont 
tests wore aadoi oalls attention to the oonolusions roaehod in 
tho analysis of stoaa road tests nsdo by Sohnidt during oold 
weather* 

Professor Sohaidt says in his paper on *1ho of foots 
of oold weather upon tonaago ratings** (See Offioial Prooeedings 
of tho Oontral Bsilway Olub, Tol* 18| 16* 1^ January 191S) that 
it is in journal f rietion that wo anst seek the explanation of 
tho of feet whioh oold weather is known to produoo upon train re- 
sistanoe* figure S of the aboTo Mentioned paper is Tory slsilar 



Digitized by 



Digitized by 



Googl 



49. 



to any of tht ounros of tho IndlTldual tests iriiioh are iaeludod 
in tl)&s thosisi in that thsro is suoh a nido ^rarianoo of rosis- 
tanoo for any spaod, fho writer qiiotes from Botanidt (pag|9 81) 
the foUoiving sentenoe in regard to his figure 8: *Xf there is 
a definite relation between risistanee and speed for this test^ 
figure S oertainly does not disclose it^ and it would reqciire 
considerable hariihood to try to draw a cunre for the points theirs 
shown^* Ae writer found this to be true in the case of the 
data of this thesis i and only after using an exaggerated scale 
for speed was a fairly good cunre obtained^ In the case which 
Professor Schaidt cites the tcaperatures mried thirty to forty- 
two degrees^ Ihhrenheit^ while in the writer* s case the tcapera- 
ture aTeraged about twenty-fire degrees • 



tigated in cold weather^ definite conclusions cannot be reached^ 
and the results of the present thesis are submitted as a progress 
study I in the hope that sooe aid aay be afforded^ at least in the 
deTdopnent of a sethod of obserration and inyestigation^ 



Until the journal friction has been thorouglhly inres- 
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SI. 



Buggtstlons for Oonduotlng future Vests 



Fm tha sssdl muBbsr of tests ottalaed the follovlxig 
suggestions in regard to oonducting field tests stand out prosL- 
nentlys 

1. fhe first irtieel of the oar should be brought as 
olose as possible to the trigger at station sero before allowing 
the oar to start drif ting» 

Z. In the first twenty feet the writer would plaoe 
a trigger at the following distanoes from station lero^ in order 
to detenlne the resistanee at starting: 0$ S| 10 and 80» 



1911 trigger (designed by Pflans and Sohwada) should be used* 
Thus the 1912 design ean be used entirely at high speeds and the 
distanee oTor whioh readings are taken ean be lengthened • 



8. 



It is reoonsended that at the rery low speeds the 
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